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WO 94/13955 PCTrtJS93/121M 

DESCRimON 

FLUID FUMP 

wrnr improved magnetically levttated impeu.br 

5 

Thi$ Application ia a ccmtinuatioxi-in'^aTt of co~pcnding U.S. 
patiaxt application Serial No. 07/77^034, endHed Iluld Pump Wilh 
Magnetically Levitated Impeller, filed October 7,1991, now U-S. Patent No. 
10 5,195377 wliich is a continuation-in-part of U,S. patent applimtion Serial 
No. 07/593,695, entitled Fluid Pump With Levitated IropcUcr, filed 
October 5, 1990, now UA Patent No. 5,055^05. 

BATKGR pUND OP THB INVEWnON 

15 This invention relates td a fluid pump with a lotaxy IznpeUer. 

More particularly this STivention relates to a fluid pump with a bearing- 
free, aeal-iree electroDiagneticaUy-driven rotary impeUer. The impeller is 
levitated by a combination of axial and radial locallrfii opposed magnetic 
and fluid ioras or by axial and radial magnetic fbrees only. Tlie magnetic 

20 loTces used for levitation are generated by a combination of solenoids or 
diamagnets and pennanent magnets, electromagnets or solenoids. 

Levitation of flie impeller by such forces allows for high 
efiidency in converting power into useful work, ll&us, a relatively smoU 
energy source can be used and the life of the energy souroe is 

25 correspondingly extended. Moreover^ use of a levliafed impeller driven 
by electromagnetic forces eliminates the need for driving medianism 
bearings and seals^ thereby avoiding the heat bulld^ip and leakage 
attendant with other rotary pump inventions. Such cansideration^ can be 
of qiti Val importance /or pumping of physiological fluids such as blood. 

30 A large number of mechanisms for pumping fluids have 

been described in the art including, for example, peristaltic pumps, 
moving diaphragm pumps, piston-type pump$, and centrifugal or rotary 
pumps. Generally, a rotary pump indtides a pumping chamber with inlet 
and outlet ports and an impeller mounted within the pumping chamber 
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for rotation about an a»8. Frequently die ixnpeUer is mounted on a Oiiit 

extandB threu^ one or more mbIs and B bearixtg apparatus lo a 
rotational driving mechaiUsm outside Ae pwiiT"l5 <*«^n"'» Kolary 
pvunps employing shetf t-mounted impellers with shaft seals are 
S cwmplifi«d in the following UApatenlxDonnanetaL US. Pat. No. 
3^08,088; Rafferty et al U.S. Pat, No. 3^.324: Reich et al. U.S. Pat. No. 
4,13^^; Oausen et aL U.S. Pat. No. 4^89^MoiseU.S.PatNo. 
4,704,121; and Melsehka US. Pat. No. 4^,707. Shaft seals are susceptible 
to wear and heat build-up. which can lead to leakage and, in the.case of 

10 blood pumps, to thrombogenic (dot-forming) problems, denaturation of 
pjobeins, and embolic phenomena and the like. 

Other pim^ inventions employ liquid or hydrastatie 
bearings to reduce heat bulld.up and/or to dissipate heat and io zeduoe 
fricdonal forces in roution of Oieahaft and/or impeller, mttaase 

15 taiention* liquid or gas is £o«!ed into nanwv clearances bet^ 

and various bearing assemblies or between the Impeller and the impeller 
hmistng- The relatively thin fluid or gas films gatetated In these 
invenlians aro nevertheless subject to Wgh shear forces and some 
inoremeivtal heat build-up. The following U-S. patents exemplify the use 

20 of such liquid or hydiostatlc bearings: Frindle VS Fat No*. 8*5316 and 
8B8^; Andereon U.S. Pat No. 2,864.552; Bato ei al. US. Pat. No. 
3,122,101: and Kambe et al U,S. Pat. Na 4/75^. 

' Olsen et al. UA Pat Na 4,688,998 disdoses a fluid puaq>. 
with an dectromagnetically driven and levitated impeller. In Olsen et aL, 

25 a sensor and a oontioller are provided to sense and control the amount of 
dectromagndie levitating force applied to ihe impeller. Only 
detfrooagneHc levitating forces are applied to the impeUer. Unlike the 
present invention, in Olsen ctal. the levllalional forces are provided by 
electrmtugneis. In addition, in Olsen et aL the levitational foroes are not 

30 applied to the impeller in separate and distinct axial and radial directions- 
In the fluid pump disclosed In U.S. Patent 5,055,005, whidi is 
the B««ftd parent of this application, while all the input energy is directed 
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to potation of the impdicr, a poa-tion of the output energy from the 
peripherad region of the impellei (which indudefl locations dowMtream 
from the periphery of the impeller) ia diverted for use in levitating the 
impeller by fluid force. Thus, not all of Ae input energy is directed toward 
pumping fluid from the pmnp. The fluid pwnp disclosed in U.S, Patent 
5,195^, vrbidx is Ae parent of this application is an improvement 
on the aforementioned fluid pump. In the fluid pump disclosed in US- 
•p^lQ^t 5,195377, the impeller b levitated and positioned in the fluid 
pump by aulo-adjuating, peimanent repulsive magnetic forces. This 
maices It possible for more Inpul oiergy to be directed to rotation of the 
impeller and pumping of the fluid. The embodiment disclosed herein 
improves on the fluid pump disclosed In U-S. Patent 5495^, and 
employs a combination of permanent magnets, solenoids, clcctroma£;ncts 
or diamagnets to levitate and position ihe impeUer in the fluid pump. 



15 



SUMMARY Q V THE I^JVE^^IQM 

In accordance with the present invention, a rotary pump is 
disdosed which is comprised of a housing defining a pumping chamber 
with one or more pumping chamber inlet pc«is and one or more 

20 pumping chamber outlet ports; a iptataWe impeller or impellers disposed 
in the pumping chamber for rotation about an axis; polarized 
electromagnetic means for rotating the impeller about the axis; and 
opposed magnete means located in the housing and impeller, 
respectively, such as a combination of diamagnets or solenoids in the 

25 hou5lr\g opposed by permanent magnets^ soloiotda or eledrcoughcts in 
the impeUer for levitating the impeUer axiatty^ radially or both. 

In the case of magnetlclevitation ^ the impeller in the aadal 
direction only or in the radial direction ordy, levilational forces in the 
other direction can be provided by fluid foroes conducted from ihe 

30 periphaal region downstream of the impdler- Mieans is ptovided for 

conducting fluid from a high pressure area at the peripheral region of the 
i mpeUer and for discharging the fluid In opposed directionis within a 
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lower pressure area in general proximity to the axis of the impeUer, in 
either an axial or radial diiection. Thvs the impdler is thMeby levitated 
and stabiliad witiun the pumping chamber by appUcation of «ial and/or 
radial fluid forces in combination with magnetic forces in the axial and/or 

5 radi^ direLilon. 

The impcUer may be fashioned of vaiiouB materials, 

preferably nonmagneric audi as mefliyl methaayl*t>. Pleferably/ Ae 
topdlcr has an overall bulk denalfy rimilar « identioa to that of flie fluid 

being pumped. Has results in suspension of the impeller in the pumped 
10 fluid and fadUiatea levltatlon and stabilizatton of ihc impeller wiAln the 
pumped fluid. 

The impeUer may take various shapes, and may or may not 
have vanes, dependtag upon the particular po«p appUcaHon- The 
impeller may be aoUd. or may have Internal fluid-flJled space in 
15 coinmunicationvrtth the pumping duunber or with the pumping 

chamber inlet and/Of oudet ports. The impeller B»y have * sin^ inlet 
or opposed inlets near the ajds of the impeller oaamunicating v*h the 

pumping chamber inlet ports; and opposed oafleb a* the perfphenr of Ae 
impeDer ocmm^unicatfng vrtth the pumping chaaciber outlet port or pottt. 

20 The impeller preferably has tcdaUy extending neck portions. 

Magnetic stabilization or levitation Is achieved by magnedc 
forces in balanod opposed axial and/of radial directtons. A plurality of 
magnet is prefetably located in the housing in magnetic 

communlcafion with a plurality of magnet means located in the tapeller- 

25 These magnet means are arranged both axiaOy «d r$^7 » 
the impeller for magnetic stahUizalion both «>daUy and radially. The 
magnet means may also be arranged only axlally or only radiaUy lor 

magnetic stabilization in only the axial direction or in only the radial 
direction, in which case stabilizing forces in the other direction can be 

30 provided by fluid forces 

In one embodiment, the housing compiises a central frame 

about which the impeller rotates. Magnet means may be placed in this 
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central frame so as lo be in magnetic comwunication vrtth the ouignet 
means located in Oie impeller. 

The magnetic fof c« are provided by a combination of, diamapvets 
or solenoids, opposed by permanent magnets, dectiomagncts or solenoids. 

5 -me opposing magnet means may be disposed with the polarity of ft»e 
opposing forces ooe«ttd to either «pel or attract Balanced «potoive 
magnetic forces are pnrfenred when one of the magnet means is a 
diamagnet. Either balanced aitractlva magnetic foroes or balanced 
npulsive forces may be used when one of the magnet means is a solenoid. 

10 If a diamagnet and a solenoid are used in eombinatioi^ preferably bal;mced 
repulaive magnetic forces art! used. When solenoids axe U6«l to provide 
the magnetic flux, sensore and a control system aw required to control the 
amount of electridty »ent through the coUs of the solenoid to vary the 



35 



20 



25 



30 



magpwitic flux. 

Inihe tase of magnetic stabilization in one direction (aadally 
or radially) only, stabilizing forces in the other direction iiadially or 
axially) can be provided by means of conduits emanatiBg £iom the vidnity 
of the pumping chamber outlet port and terminating in various 
oonfiguiations generally near th,^ axially extending nedc portion of the 
impellar which conduct fluid forces to the impdler for impingement on 
theimpdler. tiub, magnetic f«ce«. or fluid fci«es together with inagnetic 

foroei, cause leviiatioo of the JmpeUer. 

' Polarized electromagnetic means for rotating the impeUer 

may comprise electrically conductive wire windings within the peiiphay 
of the pump housing electromagnettcally coupled to pennanent magnets 
housed wiftun the periphery of the impeller. Altemalively. the poJ-riied 
electromagnetic means for routing the impdier may comprise electriodly 
conductive wiie windings housed within a stator located tattemal to the 
impelkr, the stator being in structural communication with Ae pump 
housing and electromagneticaUy coupled to one or more magnets housed 
within the internal sfructure of the impeller. 
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AS used herein the tenn ''fluid'" mams any aggregate of 
matter in which the molecules are able fo flow past each other withoul 
limit and >vithout the formation of fracture planes The iesim indudes 
gases, liquids^ solutions, stwpensions, slurries and gels and includes such 
5 specific substances as blood, plasma and serum. 

nuTCi: DFgrimmnN of tub DRAWINGS 
The above and other objects and advantages of this invention 
will be apparent upon consideration of the following detailed descriptloiT, 
10 taken in conjunction >vifh the accompanying dra>vings, in which: 

Fig. 1 is an aadal secdonai view of a prefeizcd embodiment of 
the present invention where axial and radial leviution is achieved solely 
by opposed magnetic forces; 

Fig. 2a is a cutaway view of the preferred embodiment of the 
IS present invention, showing the orientation of one set of vu^gnetic means 
in the housing and impeller, respectively, to provide axial levitatioiw 
taken in ihe region 2 shown in Fig. 1. 

Fig« 2b is a diagramadc view of an embodiment of the present 
invention in which the opposing levitational magrwtic forces are 
20 provided by helically wound solenoids radially spaced about die axis of 
rotation of the impeller. In Fig. 2b each pair of opposing solenoids is 
disposed on a common radial axis. 

Fig. 2c is a didgramatic view of one pair of opposing toroidal 
solenoids in which the x^apectf ve coils are each helically wound about a 
25 circular axis and the opposing coils are disposed in spaced paralld 
rdationshlp on a common axis. 

Fig. 3 is a cToss-wctional view of the preferred embodiment of 
the present invention, taken on line 3-3 of Fig. 1 showing fhe oiientation 
of another set of magnetic means in the housix\g and ttie impeller to 
30 provide radial levitation; 
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